Introduction
Childhood obesity has become an epidemic in the USA. Recent reports indicate that 17% of children and adolescents aged 2-19 years are obese, with a body mass index (BMI) category over the 95th percentile. 1 These vary by race, geographic location in the USA, and family socioeconomic status. Obesity is more prevalent among nonHispanic blacks 2 and in rural populations in the eastern USA. 3 Metabolic syndrome is defined as a cluster of related risk factors in adults and children that includes central adiposity, dyslipidemia, glucose intolerance, and hypertension. 4 These conditions often predict chronic diseases in adulthood, such as cardiovascular disease, diabetes, and kidney disease. Earlier onset of metabolic syndrome can intensify complications already associated with obesity. 5 Recent studies have indicated an association between cardiovascular disease and perfluorooctanoic acid (PFOA) in adults and children. 6 Children and adolescents classified as overweight or obese exhibit an increase in cardiovascular and metabolic risk factors when compared with those of normal weight, 7 which places them at increased risk for many serious health conditions, including cardiovascular disease and type 2 diabetes. 8 Changes in BMI and central adiposity in youth positively correlate with changes in cardiometabolic risk factors, 9 which become increasingly more detrimental in the most extreme BMI categories. 10 PFOA, also known as C8, is a ubiquitous, degradationresistant, bioaccumulating environmental toxin used extensively for industrial purposes and has been found in human tissues worldwide. Emerging evidence suggests that adverse endocrine effects through activation of the peroxisome proliferator-activated receptor alpha may affect growth and development, leading to obesity. 11 Children appear to harbor greater concentrations of the chemical in their tissues than adults. 12 The objective of this study was to determine the prevalence of overweight/obesity and the metabolic syndrome among a rural, predominantly white pediatric population in Appalachia exposed to C8 contamination of drinking water. Cardiovascular and metabolic risk factors were determined by BMI category and metabolic syndrome status. As there is evidence that C8 may have effects on cardiovascular and metabolic risk factors, we investigated the general association of C8 with age-standardized and sex-standardized BMI percentile, cardiovascular risk factors, and metabolic syndrome risk factors before conducting the main analysis.
research design and methods
The C8 Health Project is a cross-sectional community-based health survey that was created as part of a settlement agreement in the case of "Jack W Leach, et al. v. E.I. du Pont de Nemours and Company" following PFOA contamination of six drinking water districts that occurred between 1950 and 2004 in the mid-Ohio Valley. The population-wide health study resulted from a post hoc agreement between the settling parties to determine a potential link between PFOA exposure and human disease. Data collection and consenting was administered by Brookmar Inc., Parkersburg, WV, USA. Additional consent and release forms were administered by the phlebotomy laboratory contracted to obtain blood samples. Participants aged 18 years and older and those under 18 years but independent from their parents were allowed to take the survey on their own. A parent or legal guardian was required to answer the survey for dependent minors. 13 We obtained institutional review board approval at West Virginia University for access to the deidentified data.
The methods used for enrollment and data collection have been described in detail previously. 13 The study population consisted of 13,018 children and adolescents from rural Ohio and West Virginia. The deidentified data was obtained from a total of 14,573 children and adolescents under the age of 20 years enrolled in the C8 Health Project in 2005 and 2006. Individuals with missing information on BMI percentile (n=1,390) or whose BMI percentile was an outlier (n=165) were excluded from analysis, resulting in a main study population of 13,018 children and adolescents. For analysis of the prevalence of metabolic syndrome, an additional 1,408 children and adolescents with missing information on two or more metabolic syndrome criteria were excluded, resulting in 11,610 children and adolescents for analysis.
Data were collected via health survey, self-reported or parent-reported anthropometric measurements, a blood sample, and a medical chart review for all eligible participants. A variety of self-reported medical diagnoses were confirmed through review of supporting medical documentation obtained from health care providers by survey staff. Clinical laboratory tests included serum lipid, immune, and inflammatory markers; liver, kidney, and thyroid function; blood count; serum electrolytes and protein; and endocrine laboratory tests. For clinical tests, serum was separated from red blood cells, placed in transport tubes, and refrigerated prior to shipping to a single, accredited national laboratory. Total cholesterol, high-density lipoprotein cholesterol (HDL), and triglycerides were measured enzymatically. Low-density lipoprotein cholesterol (LDL) was calculated by the Friedewald equation when triglycerides were less than 400.
Analyses of perfluoroalkyl acid compounds (PFAA), including PFOA, were conducted at a single commercial laboratory. Serum from the blood sample was separated for a broad range of clinical laboratory testing and for PFAA analysis, and shipped on dry ice to the analysis laboratory. PFAA assays deployed a protein precipitation extraction method with reverse phase high-performance liquid chromatography/ tandem mass spectrometry. Detection relied on a triple quadrupole mass spectrometer in preselected reaction monitoring mode, monitoring for the M/Z transitions of ten PFAA species with an internal 13 C PFAA standard corresponding to the target compound. Assay results were transferred to the C8 Health Project's Windows-based information system. 14 The BMI categories included ,85th percentile as normal, 85th-95th as overweight, and .95th as obese. 15 Participants with diabetes (n=114) were included in the analyses. Because fasting was not required of participants, self-reported fasting duration collected via survey was used to determine fasting status for glucose and insulin levels. Individuals with a 6-hour or greater fast were categorized as fasting and individuals with less than a 6-hour fast were categorized as non-fasting.
The metabolic syndrome was determined based on published criteria for diagnosis in a pediatric population. 5 Although a unified definition of the metabolic syndrome appropriate for children and adolescents does not exist, a study in 2004 concluded that criteria included a BMI .97th percentile, triglycerides greater than 110 mg/dL, HDL cholesterol less than 40 mg/dL, systolic/diastolic blood pressure .90th percentile for age, sex, and height, fasting blood glucose .110 mg/dL or 2-hour oral glucose tolerance test .140 mg/dL, and a waist circumference .90th percentile in boys or $90th percentile in girls. Similar to adult criteria, the presence of three or more criteria indicated the presence of the metabolic syndrome in children. 5 We did not have data on blood pressure, the oral glucose tolerance test, or waist circumference, and thus for our population we defined the metabolic syndrome by the presence of three of the four remaining factors: BMI .97th percentile, triglycerides .110 mg/dL, HDL cholesterol ,40 mg/dL, and fasting blood glucose .110 mg/dL.
For comparison of the C8 population with the national population, the 2005-2006 National Health and Nutrition Examination Survey (NHANES) was obtained from the CDC website (n=10,348). All individuals aged 20 years and older in NHANES were excluded from the analysis (n=4,979), as well as those for whom data on BMI were not available (n=1,100) or BMI was an outlier (n=29), leaving 4,240 individuals on whom further analyses were then based. An additional 3,321 individuals with missing data on two or more of the necessary criteria for determining metabolic syndrome were excluded from all analyses on prevalence and risk factors of metabolic syndrome, leaving 948 individuals on whom these analyses were based. BMI percentiles for age and sex were calculated using the same SAS program as the C8 population based on the year 2000 CDC growth charts.
14 BMI percentiles were then categorized into the same categories as the C8 population for normal, overweight, and obese.
Characteristics of the C8 study population were stratified by BMI category (normal, overweight, obese) and the presence of the metabolic syndrome. Mean BMI percentile and prevalence of the metabolic syndrome in the C8 population was compared with that from NHANES data and confidence intervals were used to assess significance.
All variables of interest were tested for correlation with serum C8 levels at each category of BMI percentile to determine if serum C8 levels had any effect on biomarkers. Biomarkers of interest included: serum C8 levels; fasting and non-fasting serum glucose; total, HDL, LDL, and very low-density lipoprotein (VLDL) cholesterol; triglycerides; serum creatinine; white blood cell count; serum albumin; C-reactive protein; and testosterone. We decided a priori that any variable correlated with C8 (r$0.3, P,0.05) would be adjusted for C8 in the analyses with BMI and the metabolic syndrome.
All statistical analyses were conducted using SAS version 9.3 (SAS Institute, Cary, NC, USA) or R (R Core Team; R Foundation for Statistical Computing, Vienna, Austria). Statistics reported were descriptive in nature and are reported as the mean (standard error of the mean [SEM]), frequency (percent), or Pearson's or Spearman's correlations. Some variables were adjusted for age using a general linear model and least square means; these variables are denoted in the tables. Continuous variables were tested for trend using a test of linearity in the general linear model. Categorical variables were tested for trend using the Cochran-Armitage trend test. The difference between least square means was calculated within a general linear model to test for differences in continuous variables by metabolic syndrome status and the Pearson chi-square test was used to test for differences in categorical variables. P,0.05 was considered to be statistically significant.
Results
Of 13,018 children and adolescents, 95% were white and 51% were male. The mean age was 12.9 (range 1-19; SEM 0.04) years. Thirty-eight percent (n=4,925) were either overweight or obese. Overweight individuals made up 17% of the study population and another 21% were obese. 
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Weber et al was either overweight or obese according to the same BMI percentile categories as the C8 population. Table 1 presents the characteristics of the C8-exposed pediatric population stratif ied by BMI category. Approximately 20% in each BMI category reported an average household income of less than $10,000 a year. Age decreased across BMI categories, indicating a greater prevalence of overweight and obesity at younger ages. A significant increase was seen in total, LDL, and VLDL cholesterol, and triglycerides as BMI category increased. Conversely, HDL cholesterol significantly decreased as BMI category increased. Although no association was observed for fasting glucose, non-fasting glucose and fasting insulin increased significantly with BMI category. The inflammatory markers of white blood cell count and C-reactive protein both increased across BMI categories, and serum albumin decreased across BMI categories. Finally, serum C8 levels did not significantly change across BMI categories. Table 2 shows that none of the variables in Table  1 were substantially correlated with serum C8 concentration, so analyses were not adjusted for C8.
The metabolic syndrome was observed in 4.64% of the C8 study participants. Characteristics of the study population by metabolic syndrome status are presented in Table 3 . The majority of individuals with metabolic syndrome (97.2%, n=524) were found among those with a BMI category greater than the 95th percentile. Despite the greater prevalence of overweight and obesity among younger individuals in the overall pediatric population, those with metabolic syndrome tended to be older than non-cases, suggesting that despite earlier onset of overweight and obesity among our population, the children did not present with metabolic syndrome until they were slightly older. Consistent with the inclusion criteria for the metabolic syndrome, cases tended to have a less favorable lipid profile and more glycemia (mean glucose 97.8 mg/dL, SEM 0.88) than non-cases (mean glucose 90.4 mg/dL, SEM 0.20). Fasting insulin was three times higher in those with the metabolic syndrome than in non-cases. Age-adjusted serum insulin and testosterone were also higher in cases than in non-cases. (n=31) of the 943 qualifying NHANES study participants were classified as having the metabolic syndrome when the same criteria for the metabolic syndrome was used as in the C8 population. Similar to the C8 population, the majority (90.6%) of those with the metabolic syndrome in the NHANES population were classified as obese.
Discussion
In this report we characterized a rural and primarily white population for cardiovascular and diabetes risk factors. We also investigated the association between C8, an environmental toxin, and several metabolic and cardiovascular risk factors. While we did not see a substantial effect of C8 on BMI percentile or any of the other risk factors, our findings revealed an alarmingly high prevalence of overweight and obesity in this pediatric Appalachian population. Furthermore, cardiovascular and metabolic syndrome risk factors were more severe as BMI category increased. The prevalence of the metabolic syndrome was approximately 1.5 times higher than that observed nationally, with a much higher prevalence among those classified as obese.
We observed a signif icantly higher prevalence of overweight and obesity in our study population than what has been observed in other US pediatric populations. Approximately 30% of children and adolescents in the USA are overweight or obese. 16 The NHANES prevalence 
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Greece. 18 Joens-Matre et al found a 25% rate of obesity and 40% risk of overweight among school-aged children in a region in rural Iowa that was approximately 90% white and with 40% being of low socioeconomic status. 19 Our study, with an observed pediatric obesity prevalence of 21%, further demonstrates these very high rates of obesity among rural white children.
While much attention has been focused on national data or disparities among ethnic groups primarily dwelling in urban areas, recent epidemiological evidence is indicative of higher rates of obesity among rural populations in the USA compared with more urban areas. 19, 20 Murray et al have argued that distinct epidemiological subgroups exist in the USA that warrant tailored research and interventions. 21 Additionally, the magnitude of individual risk factors differs between each subgroup, and the subgroups with poor health are not limited to high-risk urban environments, which is the focus of most research. 21 Not only is the prevalence of BMI high among our population, but as BMI among these children and adolescents increases, the severity of cardiometabolic risk factors worsens. Additionally, significant negative linear trends were seen for HDL cholesterol and serum albumin as BMI category increased. These trends for worsening risk factors with increasing BMI were similar to what has been seen in many studies on obesity. 22, 23 However, the degree of elevation of risk factors (or in some cases, depression of protective factors) associated with cardiovascular and metabolic risk was much greater than what has previously been seen among children and adolescents. 7, 24, 25 For example, total cholesterol, LDL cholesterol, triglycerides, and both fasting and non-fasting glucose were more elevated at all levels of BMI category in our population compared with other studies in children and adolescents. 7, 24 In some instances, we report levels twice as high as seen in other studies. 25 A study in rural Georgia yielded similar results to ours, and found that youths in rural areas are more likely to be overweight or obese and that white children had significantly higher triglycerides and lower HDL cholesterol than black children. 22 C-reactive protein levels among our study population were doubled among those who were obese when compared with those of normal weight and about 1.5-fold higher among those with metabolic syndrome when compared with those without. Elevation of C-reactive protein levels is related to the risk of cardiovascular disease, metabolic syndrome, and diabetes. 26, 27 Specifically, increased inflammatory markers, such as C-reactive protein and white blood cells, are an indication of overweight and obesity among children and adolescents, from approximately the same time period as the C8 study (2005) (2006) , was 30%. Although similar to the national prevalence quoted by Ogden et al, 16 the NHANES prevalence was still much less than the 38% prevalence found in the C8 population. Data on the effects of overweight and obesity among rural pediatric populations are limited; however, our results are comparable with those of similar studies in which rates of overweight and obesity are as high as 40% among rural children. 17 Tambalis et al found a higher prevalence of obesity (12%) among rural children compared with 11% among urban children in a national study of children in 28 Although inflammatory markers are associated with cardiovascular and metabolic disease risk in adults, more knowledge is needed on the utility of these markers for diagnosis in children and adolescents. 29 The prevalence of the metabolic syndrome has been increasing over the past few decades. 4 There has not been an official consensus on one unified definition of metabolic syndrome in children, in part due to their rapid growth and development. 30 Studies have identified the metabolic syndrome in 4%-20% of children, depending on the criteria used. 31, 32 The prevalence in our population was relatively low at 4.6% compared with other recent studies. However, because data on blood pressure and waist circumference were unavailable and our definition utilized three of four criteria rather than the traditional three of six criteria, these estimates are most likely underestimated. Using the same three of four criteria as for the C8 population, analysis of NHANES data revealed a lower prevalence of the metabolic syndrome (3.4%) nationally than in the C8 population. Other studies have shown the importance of insulin resistance in the development of the metabolic syndrome. 33 Fasting insulin levels in our study population were three times higher in those with the metabolic syndrome compared with those without, which is similar to data reported by Weiss et al. 5 The similarity between our results and those of Weiss et al 5 suggests that our criteria for the metabolic syndrome performed well in the selection of cases. Additionally, our data showed that fasting insulin levels increased with BMI category, further suggesting a greater risk of developing the metabolic syndrome as BMI increases. It has been suggested that the rise in insulin resistance and the metabolic syndrome can be attributed to the global rise in obesity. 34, 35 Lipid levels for total cholesterol, VLDL cholesterol, and triglycerides were much more elevated in those with metabolic syndrome than in those who were obese.
Our study found several significant correlations between serum C8 and serum levels of cardiovascular and metabolic risk factors; however, although significant, C8 accounted for very little of the variation in these risk factor levels. Additionally, several of the correlations across BMI category were in the opposite direction to what we had assumed. We do not have an explanation for this. We would have expected to see positive correlations between C8 and the covariates; however, in several instances, we saw slightly negative correlations.
The prevalence of overweight and obesity was exceptionally high in this population of children and adolescents.
Additionally, the presence of metabolic syndrome, especially among those who were obese, forebodes additional adverse health outcomes in this population. The degree of obesity among children and adolescents has been shown to predict disease into adulthood. 36 Given that 65% of obese children remain obese into adulthood, 37 prevention from an early age is the primary approach for decreasing the high rates of morbidity associated with obesity. This study demonstrates the need for a better understanding of the prevalence of overweight and obesity, as well as the associated risk factors, in order to focus efforts to reverse these adverse health outcomes. Interventions aimed at these rural populations should be well informed of the demographics and baseline characteristics, which are often different from national averages, as our study results indicate, in order to best address the different needs and circumstances found among various groups in society. 38 One limitation of this study was that the NHANES from 2005-2006 only collected data on HDL and triglycerides from individuals aged 6 years and older and 12 years and older, respectively, so the estimates in the NHANES population were likely an underestimation as well. Although we statistically adjusted for age, this was unlikely to fully account for the biological increase in some biomarkers as age and BMI naturally increase. Mean age increased from 13.6 to 14.3 years between those without and with the metabolic syndrome, so residual confounding by age of the associations between biomarkers and the metabolic syndrome may still occur. However, mean age decreased as BMI category increased, suggesting that any increase seen in biomarkers was most likely due to the increase seen in BMI category. Another limitation is the use of self-reported or parent/ guardian-reported height and weight for the calculation of BMI and BMI percentiles. This has been shown to be biased such that BMI is often overestimated at younger ages and underestimated at older ages. 39 Additionally, the use of age-specific and sex-specific BMI percentiles for classification of overweight and obesity is not considered the most accurate indicator of overweight and obese status. Body fat percentage is a better indicator of overweight and obese status in children; 40 unfortunately, these data were not available in our population.
Despite the much lower prevalence of diabetes among whites compared with minority populations, West Virginia, a state that is 93% white, consistently ranks in the top first to fourth place for diseases such as diabetes and cardiovascular disease. The deterioration in risk factors for cardiovascular and metabolic syndrome as age-standardized and sex-standardized BMI category increases among children and adolescents is likely predictive of obesity-associated diseases and complications. The results of this study suggest the need for further public health involvement to decrease this risk in the pediatric Appalachian population.
